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(57) ABSTRACT 

A system and methodto detect PASS-type device audio alarm 
signals and to locate such devices in alarm in a public build 
ing, airport, sports stadium or other structure which can 
include a system to measure speech intelligibility. Time and 
frequency domain analysis are carried out to establish the 
pressure of PASS-type device audio output signals. 
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SYSTEM AND METHOD OF ACOUSTIC 
DETECTION AND LOCATION OF AUDIBLE 

ALARM DEVICES 

FIELD OF THE INVENTION 

The invention pertains to systems and methods of detecting 
audio output alarm signals from Personal Alert Safety System 
(PASS) devices typically Worn by ?rst responders at an emer 
gency scene. More particularly, systems and methods in 
accordance With the invention distinguish such audio alarm 
signals from other sounds, and identify the location of the 
respective audio alarm in a particular region such as public 
buildings, airports, sports stadiums and the like. 

BACKGROUND OF THE INVENTION 

Personal Alert Safety System (PASS) devices date back to 
the 1980’ s (i.e. NFPA 1982 Was developed from the Technical 
Committee on Protective Equipment at a meeting in 1980), 
and PASS-type products from many vendors have been intro 
duced over the intervening years. 
PASS devices are usually Worn by ?rst responders, ?remen 

for example, to provide a level of personal protection for such 
individuals in very dangerous circumstances. They usually 
emit an audio alarm if the Wearer falls, ceases moving or the 
like. The intent is to identify acoustically the location of an 
individual that is in trouble and needs assistance. They can 
also emit pre-alarm and informational signals. 
One common requirement for PASS devices is environ 

mental robustness, including operation after 2 hour immer 
sion in Water (NFPA 1982-1998 Edition, “Standard on Per 
sonal Alert Safety Systems (PASS)”, Section 6-4), and high 
temperature operation up to +203 deg. F. after a 15 minute 
exposure (Section 6-12.1 1). One method of implementing an 
audio sounder for this harsh environment is to use a pieZo 
diaphram module. 

Exemplary devices that are of a type used by ?rst respond 
ers include: 

DSX-II (2004) 
MSA AirPack Integrated (1996) 
MSA FireFly II (1993) 
SurPass 88 (1988) 
LifeGard II (1985) 
PAL5 (1982) 
Market research indicates (circa-2004) that there have been 

about 15 PASS device vendors in the USA, and several more 
internationally, With a total of over 50 PASS device products. 
Observing that half of the test device vendors are no longer 
producing PASS devices, it is estimated that over 100 differ 
ent PASS device products have been placed in service since 
1 982. 

It has been recognized that PASS device audio output 
alarm signals are not alWays heard by other ?rst responders at 
an emergency scene. This of course can be due to noise at the 
scene from a variety of sources as Well as chaotic conditions 

often present in emergencies. 
Adding to the challenge of successful PASS device detec 

tion are the acoustic conditions present at an emergency 
scene. The PASS device audio alarm signal sound pressure 
level (SPL) at 1 m. is de?ned to be 100 dBA for pre-alarm 
signals and 95 dBA for alarm signals (NFPA 1982-1982 
Edition, Section 5-1.1 and 5-1.2). With ?reground SPL 
exceeding 105 dBA, the PASS device pre-alarm signal is at —5 
dB relative to the ambient SPL (i.e. caused by the ?re). 

Further, civilian testing indicates that the PASS device 
alarm signal SPL may be attenuated by 20 dB or more When 
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2 
the PASS device is under the body of the Wearer (i.e. Who is 
laying on the ground). In this situation, the PASS device audio 
alarm SPL is diminished to 75 dbA (pre-alarm diminished to 
80 dB), some 30 dB (25 dB for pre-alarm) beloW the ambient 
?reground SPL. Effectively, the detection mechanism must 
be sensitive enough to identify the PASS device audio alarm 
signal having a —30 dB Signal-to-Noise Ratio (SNR) at a 1 
meter distance betWeen the PASS device and sensor. 
Assuming a 9 foot ceiling (about 3 meters), and the SPL 

falls With the inverse square of the distance, an un-attenuated 
(by a body) PASS device audio alarm signal directly under a 
ceiling-mounted sensor Would present a maximum SPL of 
(95 dbA-9.5 dB):83.5 dBA. Applying body-caused attenu 
ation (20 dB), the SPL at the sensor Would be just 63.5 dBA, 
or nearly 40 dB beloW the ?reground ambient SPL of 105 
dbA. 

Based on studies conducted of ?re?ghter fatalities (“Fire 
?ghter Fatalities in the United States in 2003”, United States 
Department of Homeland Security, Federal Emergency Man 
agement Agency, US. Fire Administration, Aug. 2004), 
fatalities involving PASS device audio alarm signals occurred 
aWay from the ?amefront, hence the assumed maximum SPL 
in the building region Where detection occurs Would be some 
What less than 105 dBA, and the detection SNR Would there 
fore be greater than —40 dB. 

Finally, the detection mechanism must function properly 
over a range of signal repetition and frequency patterns 
(NFPA 1982-1998 Edition, Appendix A5-2.1), While reject 
ing other signals having similar component frequencies and 
repetition rates (i.e. human speech, music, equipment noise, 
Water and ?re sounds, etc.). 

There continues to be a need for systems and methods 
Which can automatically determine the existence and location 
of audible outputs from PASS-type devices. Preferably such 
systems and methods could be integrated With neW and into 
existing building or regional monitoring systems Without 
requiring extensive redesign or additional hardWare. It Would 
also be desirable to be able to provide audible and/or visual 
indicators at monitoring system control panels so that those 
directing the response to the emergency Will immediately be 
informed that one or more individuals at the scene need 
immediate assistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system in accordance With 
the invention; 

FIG. 2A is a block diagram of an audio sensing module in 
accordance With the present invention; 

FIG. 2B is a block diagram of an ambient condition detec 
tor Which incorporates audio sensing in accordance With the 
present invention; 

FIG. 3 is a block diagram of a monitoring system control 
unit; 

FIG. 4 is a How diagram illustrating exemplary signal 
processing in accordance With the invention; 

FIG. 5 is a graph illustrating characteristics of the alarm 
signal; and 

FIG. 6 is a graph illustrating the frequency and beat rate 
ranges speci?ed by NFPA 1982-1998 and data points mea 
sured for the exemplary devices. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

While embodiments of this invention can take many dif 
ferent forms, speci?c embodiments thereof are shoWn in the 
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drawings and Will be described herein in detail With the 
understanding that the present disclosure is to be considered 
as an exempli?cation of the principles of the invention and is 
not intended to limit the invention to the speci?c embodiment 
illustrated. 

In many locations, such as public buildings, airports, sports 
stadiums and the like, a system Which is present to measure 
speech intelligibility from audio announcement systems may 
also incorporate capabilities in accordance With the present 
invention, to detect and locate PASS device audible alarms. 
Representative systems include those disclosed in U. S. patent 
application Ser. No. 10/740,200 ?led Dec. 18, 2003 and 
entitled Intelligibility Testing for Monitoring or Public 
address Systems as Well as US. patent application Ser. No. 
11/064,414 ?led Feb. 23, 2005 and entitled, Methods and 
Systems for Intelligibility Measurement of Audio Announce 
ment Systems. The tWo notedpatent applications are assigned 
to the assignee hereof and incorporated by reference. Such 
considerations apply to audio announcement systems in gen 
eral as Well as those Which are associated With ?re safety, 
building or regional monitoring systems. 

Systems and methods in accordance With the invention 
sense and evaluate audio outputs from one or more transduc 
ers, such as PASS devices, to detect certain acoustic proper 
ties of the PASS device being monitored. The results of the 
analysis can be used to distinguish PASS device audio alarm 
signals from other acoustic elements in the region, thereby 
providing indicators of the presence of a PASS-type alarm as 
Well as location of the PASS device sounding the alarm. 

Analysis of audio alarm signal data collected from six 
PASS devices, manufactured in the period 1982-2004, and 
the alarm frequencies described in NPFA 1982-1998 Edition, 
Section 5-2, resulted in the identi?cation of a common signal 
characteristic unique to the tested PASS devices. The funda 
mental frequency range and repetition rate of PASSS device 
alarm signals are speci?ed in NFPA 1982, Section 5-2 and 
Appendix A-5-2.1. All of the tested products implement the 
audio transducer in a similar manner, leading to the common 
signal characteristic Which can be used to detect PASS device 
audio alarm signals. 

Exemplary devices tested include: 
DSX-II (2004) 
MSA AirPack Integrated (1996) 
MSA FireFly II (1993) 
SurPass 88 (1988) 
LifeGard II (1985) 
PAL5 (1982) 
Since audio outputs of 100% of the tested units have been 

accurately detected, due to the common audio transducer 
design, it is expected that alarms emitted by most PASS-type 
devices should be properly detectable. In an aspect of the 
invention, time-domain and frequency-domain signal analy 
sis can be use to detect PASS-type audible outputs. 

FIG. 1 illustrates a regional monitoring system 10 Which 
embodies the present invention. At least portions of the sys 
tem 10 are located Within a region R. Speech intelligibility 
can but need not be evaluated. It Will be understood that the 
region R could be a portion of or the entirety of a ?oor of a 
building. The type of building and/or siZe of the region or 
space R are not limitations of the present invention. 
A ?rst responder I is illustrated in region R. Individual I is 

Wearing one of the knoWn PASS-type devices 12. Neither the 
exact type of device 12 nor the Way in Which the individual I 
carries or Wears it are limitations of the invention. If indi 
vidual I falls or ceases to move, the device 12 Will emit its 
Warning signals, as discussed above. 
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4 
The system 10 includes a monitoring system control unit 

20. It Will be understood that the control unit 20 could be part 
of or incorporate a regional control and monitoring system 
Which might include a ?re detection system, a security sys 
tem, and/ or a building control system, all Without limitation. 
It Will be understood that the details of the unit 20 are not 
limitations of the present invention. 

System 10 can incorporate a plurality of audio sensing 
modules having members 22-1 . . . 22-m. The audio sensing 

modules or units 22-1 . . . -m can also be in bi-directional 

communication via a Wired or Wireless medium 24 With the 
unit 20. 
As described above and in more detail subsequently, the 

audio sensing modules 22-i respond to incoming audio from 
one or more PASS-type devices such as the unit 12 and carry 
out, at least in part, processing thereof. Those of skill Will 
understand that the beloW described processing could be 
completely carried out in some or all of the modules 22-1'. 
Alternately, the modules 22-i can carry out initial portion of 
the processing and forWard information, via medium 24 to the 
unit 20 for further processing. 
The system 10 can also incorporate a plurality of ambient 

condition detectors 30. The members of the plurality 30, such 
as 30-1, -2 . . . -p could be inbi-directional communication via 

a Wired or Wireless medium 32 With the unit 20. It Will be 
understood that the members of the plurality 22 and the mem 
bers of the plurality 30 could communicate on a common 
medium all Without limitation. 

FIG. 2A is a block diagram of a representative member 22-i 
of the plurality of audio sensing modules 22. Each of the 
members of the plurality, such as 22-1', includes a housing 60 
Which carries at least one audio input transducer 62-1 Which 
could be implemented as a microphone. Additional, out 
board, audio input transducers 62-2 and 62-3 could be 
coupled along With the transducer 62-1 to control circuitry 64. 
The control circuitry 64 could include a programmable 

processor 6411 and associated control softWare 64b, as dis 
cussed beloW, to implement audio data acquisition processes 
as Well as analysis processes to determine if incoming sensed 
audio, being received at the transducer 62-1, has been emitted 
by a PASS-type device, such as device 12. The module 22-i 
can communicate via interface circuitry 68 to the Wired or 
Wireless medium 24. 

FIG. 2B is a block diagram of a representative member 30-i 
of the plurality 30. The member 30-i has a housing 70 Which 
can carry an onboard audio input transducer 72-1 Which could 
be implemented as a microphone. Additional audio input 
transducers 72-2 and 72-3 displaced from the housing 70 can 
be coupled, along With transducer 72-1 to control circuitry 74. 

Control circuitry 74 could be implemented With and 
include a programmable processor 74a and associated control 
softWare 74b. The detector 30-i also incorporates an ambient 
condition sensor 76 Which could sense smoke, ?ame, tem 
perature, gas all Without limitation. The detector 30-i is in 
bidirectional communication With interface circuitry 78 
Which in turn communicates via Wired or Wireless medium 32 
With monitoring system 20. 
As discussed subsequently, processor 7411 in combination 

With associated control softWare can not only process signals 
from sensor 76 relative to the respective ambient condition 
but also audio related signals from one or more transducers 
72-1, -2 or -3 all Without limitation. Processing, as described 
subsequently, can carry out evaluation and a determination as 
to the nature and quality of audio being received and Whether 
that audio is being emitted by a PASS-type device, such as the 
device 12. 



US 7,639,147 B2 
5 

FIG. 3 is a block diagram of an exemplary representation of 
the monitoring control unit 20. Unit 20 can incorporate a 
non-volatile memory or storage unit 90 for purposes of stor 
ing control software 9011. The unit 20 can also incorporate 
control circuits 92 coupled to the storage unit 90 and softWare 
90a. The control circuits 92 can incorporate a programmable 
processor 9411 as Well as additional storage 94b of a type that 
Would be understood by those of skill in the art Which could 
include read/Write memory of a volatile or non-volatile form. 
Software 9011, 940 Which Would be of a type understood by 
those of skill in the art in responding to audible detection 
units, such as 221', to carry out intelligibility testing, or, to 
respond to the detectors, such as the detector 301' can be 
executed by control circuits 92 and/or processor 94a. 

Unit 20 can incorporate input/ output interfaces to mediums 
24, 32, namely a circuits 96a, 96b. In addition, unit 20 can 
incorporate a user interface and alarm display device 97. It 
Will be understood that the unit 20 illustrated in FIG. 3 is 
exemplary only is not a limitation of the present invention. 

Process 100, see FIG. 4, to establish the presence ofone or 
more PASS-type devices, such as the device 12 in the region 
R can be executed Wholly or in part at audible detection units 
221', detectors 301' and/or control unit 20. Process 100 can 
include a periodic initiation thereof, step 102. 

In a step 104 the gain of the respective sensor can be 
adjusted to avoid clipping or distortion. In a step 106 one or 
more ambient sound time records can be collected. It Will be 
understood that if a plurality of such records are being col 
lected that the subject processing Will take place relative to at 
least selected records. 

In a step 108 minimal and maximum sound pressure levels 
are established for each of the time records. In a step 110 if the 
minimum sound pressure level is beloW a predetermined 
threshold then a determination is made that it is not possible 
to reliably determine if a PASS-type device is emitting the 
sensed audible signal based on the subject record. 

If the minimum sound pressure level exceeds a predeter 
mined ?rst threshold, a determination is made as to Whether 
or not the difference betWeen a maximum sound pressure 
level and a minimum sound pressure level exceeds a detection 
threshold, step 112. If above the detection threshold, in a step 
114 a detection characteristic is determined for multiple over 
lapping sample sets. 

The results of the detection step 114 are analyZed, step 116. 
A determination is made step 118 as to Whether a PASS-type 
device alarm has been detected. If so in a step 120 a determi 
nation is made as to Whether a repetitive pattern has been 
determined, and if so, in a step 122 an audible or visible 
indicator can be presented at user interface 97 indicating that 
a PASS-type device alarm has been detected and location 
information can be provided thereWith. 

It Will be understood that the processing 100 of FIG. 4 is 
illustrative only. Variations thereof come Within the spirit and 
scope of the present invention. Further, those of skill Will 
understand that PASS-type devices Whose audio outputs can 
be recogniZed as a described above need not conform literally 
to any predetermined standard. 

FIG. 5 further illustrates characteristics 500 of the detected 
signal (FIG. 4, step 118). In one preferred embodiment, the 
ambient sound time record is processed With an enhanced 
summary auto-correlation function (ESACF) producing one 
or more output values 520 in multiple output bins 510. When 
at least three output values 530, 540, 550 exhibit a character 
istic trend 560 the analysis of detection characteristics (FIG. 
4, step 116) is indicated in the af?rmative, and subsequent 
processing occurs (FIG. 4, step 120). 

20 

25 

30 

35 

45 

50 

55 

60 

65 

6 
FIG. 6 further illustrates the characteristics 600 subject to 

subsequent processing (FIG. 4, step 120) including the fre 
quency band range 610 and beat rate 620 of the detected 
signal illustrated in FIG. 5. In accordance With NFPA 1982 
1998 a predetermined frequency range and repetition rate are 
speci?ed for various alarm modes 640. Data points 640, 650, 
600 measured from exemplary devices are overlaid With the 
speci?ed ranges 630. 
From the foregoing, it Will be observed that numerous 

variations and modi?cations may be effected Without depart 
ing from the spirit and scope of the invention. It is to be 
understood that no limitation With respect to the speci?c 
apparatus illustrated herein is intended or should be inferred. 
It is, of course, intended to cover by the appended claims all 
such modi?cations as fall Within the scope of the claims. 

The invention claimed is: 
1. A method comprising: 
collecting a least one ambient sound time based record via 

a sensor; 

evaluating, the sound pressure levels, frequencies and rep 
etition rates of any alarm patterns in the at least one 
record; and responsive thereto, establishing a detection 
characteristic for at least the one record; and 

analyZing the results by comparing the detection charac 
teristic With a predetermined detection characteristic of 
a Personal Alert Safety System device to determine if the 
at least one record has been emitted by a predetermined 
type of electrical unit. 

2. A method as in claim 1 Where collecting includes col 
lecting a plurality of records. 

3. A method as in claim 2 Which includes evaluating each 
member of the plurality. 

4. A method as in claim 2 Which includes evaluating if a 
minimum pressure exceeds a predetermined threshold for at 
least some of the members of the plurality. 

5. A method as in claim 2 Which includes evaluation if a 
difference betWeen a maximum pressure and the minimum 
pressure exceeds a predetermined ?rst threshold for at least 
some of the members of the plurality. 

6. A method as in claim 5 Which includes evaluating if a 
minimum pressure exceeds a predetermined second threshold 
for at least some of the members of the plurality. 

7. A method as in claim 5 Which includes establishing a 
second plurality of the at least some members. 

8. A method as in claim 6 Which includes establishing a 
second plurality having members With respective pressure 
levels above the predetermined threshold. 

9. A method as in claim 7 Which includes establishing a 
respective detection characteristic for at least some of the 
members of the second plurality. 

10. A method as in claim 9 Which includes, responsive to 
establishing the respective detection characteristic; determin 
ing if at least some members of the second plurality have been 
emitted by a member of a third plurality of audible output 
devices. 

11. A method comprising: 
establishing a ?rst plurality of audible Personal Alert 

Safety System devices; 
collecting at least one record of sounds emitted by an 

audible output device; 
determining if the at least one record has an output param 

eter that falls Within a predetermined range of frequen 
cies and repetition rates of alarm patterns; 

responsive to the determining, establishing a plurality of 
selected characteristics for the at least one record; 
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determining if the plurality of selected characteristics cor 
responds to respective characteristic of a member of the 
?rst plurality. 

12. A method as in claim 11 Which includes collecting a 
plurality of temporally spaced records of sounds emitted by 
the audible output device. 

13. A method as in claim 12 Which includes determining 
Which members of the plurality fall Within the predetermined 
range. 

14. A method as in claim 13 Which includes evaluating 
those members of the plurality Which fall Within the prede 
termined range, and, determining Which if any Were emitted 
by a member of the ?rst plurality. 

15. A method as in claim 14 Which includes generating an 
indicium indicative of the determined member of the ?rst 
plurality. 

16. A system comprising: 
at least one programmable processor; 
?rst software that establishes a ?rst plurality of time based 

records of received audio; 
second software that selects members of the ?rst plurality 

With sound characteristics that exceed a predetermined 

5 

20 

8 
sound threshold, contain predetermined frequencies and 
repetition rates of alarm patterns thereby forming a sec 
ond plurality; and 

third softWare that analyZes the members of the second 
plurality and Which determines those members thereof 
With sound characteristics that have been emitted by a 
member of a predetermined group of audible Personal 
Alert Safety System devices. 

17. A system as in claim 16 Which includes: fourth softWare 
that establishes audible output characteristics of members of 
the predetermined group. 

18. A system as in claim 16 Which includes a pre-stored 
identi?cation of audible output characteristics of the mem 
bers of the predetermined group. 

19.A system as in claim 16 Which includes communication 
softWare that forWards an identi?er of each determined mem 
ber of the group and the location thereof to a displaced site. 

20. A system as in claim 16 including additional softWare 
Which establishes a location of each determined member of 
the group. 
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